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[*£!«] W«B# 

mitW^fc (Al X Ga Y Ini-( X + Y)N:0^X<l, 0<YsS 1 , 

> K-7°<7)3»m®^^*^^tiT43i9, jao|jfiBiiiaiaMfc!»^a»f*:» t ra— o 

feS^SrMi"* - ^#fti:i-^If^ 1 £ fctt 2 tcffi«c<7)III^M'ftt7#2g#: 
[lf^4] lffliBIIl;&£ft^*#i|tJ|»tf> |0. 0. 0. 1. } -m 

1 >-^ B H H ^fiH^^PS. Sfcii 111 1| -|g B H B ®^^ H B H Mi:-t-^m B B B ^ 

[w*«6] mm*) >^ffl^it B B B /ioi*i^<7)ma$5iis.^^x7^ y h$s 
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mi 

[0 0 0 1] 

*%mte, ^^mu±^mmm.it^j^mi^ (Ai X Ga Y ini - (x + y 
)n:o^x<i, o<y^k^o<x + y^do^u mmm 

[0 0 0 2] 

iimsMm^mtm^n—mtLx, aft*™* a (GaN) m 

fHt^*- K (LED).^U-Wt-K (LD) , ^i:y 3 -;K- ( 
Schottky) S&fcMfclS^^S! h 9 > * (ME S F E T) tfmbtiX 
(0iJx. If, 1 #M) o - tt h (nmW > Mft: T )V ^ =. *j A • if 'J * 

A--r>v->A (Al a GabIn c N:0^a, b, c^l. a + b + c = l 

) ^m-h^hmm^mx.tzmmmm^mzmm^nx^h Mx.&^& 

Slfctf* 1 ; * A • 4 Arl B H H (GabIn c N: 0<b, c < 1, b + c = 1 

) liltftLEDi ^liLDffllOMIt LTflJffi £*iT\/*.?> #ft 

^ y tnm&mixmi'iri&jizztix^&o n^a^y^A (Ga 

N) t^MiOiffi±i:f^> (Ti) -T^-^A (Al) 

y^ttV-^ (source) RTfh*U>(> (drain) mffiSrfgttT 

[0 0 0 3] 

2 fc, ±iec7)$n < OHIJJiaftW^flcSf^Srlt^-ra A l a G a b I n c N 
(0^a, b, c^l, a + b + c = l) ?I B B H Ji(i. -<f7r^T (a -A 
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1 2 o 3 ) zmfatLxmmztix^z mz.is. mtttw^mm 0 

t77>f7iAl a Gab'In c N (O^a, b, c ^ 1 > a + b + c = 1 ) ?I 
B B B ft(0^^V7f (mi s m a t c h) (±7v§v^ 0 #lJxJS\ ^77^7 
(Wu r t z i t e) S B B a IG a N t(D^ 5 *v >y ^-Jgti^j 1 6% 

l^ixio 5ji/ cm 2@jg(7)^.fic7)|Efi^StL^nMo-rv^ (^MffrzfcSfc 

3#HS) o 

[0 0 0 4] 

1 ] 

^m^m 6 , 0 6 9, 021 ^-rnrnm 

#S¥ 1 0 - 5 6 2 0 2 
[#It»3] 

#&BS 5 5 - 3 8 3 4 "t^fR 

ffl¥l 0 - 1 0 7 3 1 5-S^fR 
[#4W:fclR 1 ] 

it<Vd¥-mm > (80 J#II£b, 1 9 9 9^12^80, p. 288-28 

9 

77tn-t7+ (Isamu AKASAKI, Hiroshi AMANO, Yasuo K0IDE, Kaz 
umasa HIRAMATSU, and Nobuhiko SAWAKI) „ fx7x^7 A IN 

xl/^bij*^ T>K t7fO^ *y G a 

N T>K Ga 1-XA1XN (0<X^0. 4) 7^VAX ^n*> 
*y *Y-7t4T ysvf MOVPE. (EFFECTS OF A1N BUF 
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FER LAYER ON CRYSTALLOGRAPHIC STRUCTURE AND ON ELECTRICAL AND OPTICAL PR 
OPERTIES OF GaN AND Gal-XA1XN(0<X^0.4) FILMS GROWN ON SAPPHIRE SUBSTRAT 
E BY MOVPE) J ; V*r-1r)V • ^-y • ? 'J J* • *fu — X (Journal of Cryst 
al Growth) , 1 9 8 9f, (t7>/) , i984 p. 2 0 9 - 2 1 9 

ft*fr#*IMfcJ , #JJ&> (*) mm.M, 1 9 9 9^ 1218 0, p. 2 11-2 1 
3 

[0 0 0 5] 

[#§ LXit-rz mm] 

%^2g# (A 1 a G a b I n c N : 0 ^ a . b , c ^ K a + b + c = l)il£ 
Z.<7)tz£>, W&ffldL (contact resistance) O^H-fiv* 
-££A 1 a G a b I n c N*g H H H g-e(i, faMsftlzM^m^te-r zmZZfrLX 

[0 0 0 6] 
[0 0 0 7] 

*f§9§#<bf±, ±.m<Dmmzm®:-$-'<<m.ig:ikmLtzm^ mmmtm^m 
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[0 0 0 8] 

^t(DUmM.iYM^mW (AlxGaylnj - (X + Y) N : 0^X< 1 , 0 

<Y£1, M0<X + Y^1) y fwmtzMrffi-fznim 

m £ r * - * ? * *lt i t *mm. t -t & iimmitm^mfo 

mir, (2) mmimmim¥mfo&&m twrnv >imm&&mtwmK 
, mmtv>tz^mtM i nmmmhthx^zzt*!WWLt'fz>±m (i) k 

ISfc^IIIJ^bW*^^ (3) MSB'; WUHIsiMSM^ **M&£Scifc ' 
»^##Wi:ra-Ofe«B«rM-t-*Ci:«:#«i:-t4±te (1) tifcli (2) 

fs«oin^a^#*«T-. (4) mmiimmtm^m^^m(D 10. o 
. o. i.i -*§£®hk, mu>) y/imm&ikmmztfhtix&t), iu >it 
mmm&m&mn.&<r> u 1 n -&ji«^*-&£fc£#&fc-$-&±fE a") 75 
M (3) o^rtL^ 1 ^ramoin^MttW^sl^ (5) miB 1 ; >lfc$B* 

1111} -^M^siaiBfc-rs^^itL-rv^c: t^#mt-r^>±iB ( 
1 ) ibm. ( 4 ) o^tL^ 1 w-mm.viimmitm^mvfmi 1 -. ( 6 ) mis'; > 
ikm%&&m<oft&<7>nM&GLRx) ! $ *7 4 ? vm^^-tf^m^ 1 x 1 0 4 

ffl/cm2jjJLT ,, C**ifc«:«F«i:i-*±SB (1) ftM (5) Ofirfttf* 1 EKE 
fc^IimStt^S^^ (7) iffiSEiNi£2M£±K, mrfBIII^S<t%^m 

%>z. t*mwLt-t%>±& (i) 7!;^ (6) i<z$m<vummim¥m®-m^-<Dm 
(8) P nm&nny7)v^TU&wm&x&&z.t*mmtir&±M 

(1) (6) ^SEftOIIIJ^-ffc^*^^?,****^^ si"- h\ * 

[0 0 0 9] 
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[0 0 10] 

El 1 izyf:-? «£ d K, 1 {i. B&£77#^0 

*«1 0 l_tH, »ilftjt#l l^^^tiTtf^^tLTv^o 1S10UL 
Tli, |0. 0. 0. 1 |IS H B H I*iftt^t7 7^ Tlt H B 0 ^ffl$tiTV^ o - 

nIGaN^f>^I.T^^7 7Kil0 2 1 nM'iXbH* 
1103, nIGa 0 . 9 0 In 0 . 1 oN/i^^^Mi 1 0 4, pIGaN 

mfrh%z>±u?7 v Kii 05, Ri/pm.') >immm 1 o e^m>kmm^n. 

xmf&ZtiX^&o tfz, $£3tm 10 4, ±M??v K110 5, l^pS'J y 

wmmm 1 o 6 (D^fi^fti-^mmLxm^^ti. m&ztifznmv yitmm 
m i o 3<7)mw<v— utz&mzitx nm*-^ -j o 7mztfhtix^z> 

o ttz, pi'J 1 0 6©^lCiiil!$^-Cplt-^ •r^lll 0 8 

m_t<7> i 9 IIlS^bW#^*?- 1 fiTS&7 77K110 2, nSV> 
MifJi 1 0 3WnM*~< "J 711 1 0 lfrhtz%> nIT1^2 1 #§tc; 
1104h, ±$57 r>K110 5, pi'J > itmmm l 0 6Mplt-^ v 
^lil 0 8*f)^-SpI±iS|i2 0 £5&><bfflU££*iTv>& 0 

±i£<7)J; -9 ^ft^^III^a^^*^ 1 ?-! t±, p ni^l2fAfn (D 
H) iI«LED^oti/^o 
[0 0 11] 

^#^|g H B a ^^^m$ii:^^i6c7)^«i: Lt, fe&<DHt{ttf V * A (G a A 
s) , 'JHfc^'J^A (GaP) , 5173 H H H S £(i7^7j Sw^fl^i (SiC) , 
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^•774T («-Al 2 0 3#fei) ^Og|^#*&S. XWl* (S i) 

- A 1 2 O 3 , Si *§,SM£l±3M£fc LXfti L^o 
[0 0 12] 

ifc, *«10 1tUI±, llOOl -Jfisv>j± 11 101 -is b h b i 

&^l£l 0 1 ^rfflv^i:, mmvmjftiL* 10. 0. 0. 1. ( itzl± 11. 1 
. -2. o. I i-t^iiiMa^W^#^ H H B S^*«±^Jt«$-^^c:t^ 
§£ Q 10. 0. 0. 1. ( jl. 1. -2. 0. ( |£ H B H m£^B<h1-£ 

[0 0 13] 

^1 1 0 2, 1 0 5Ol^C'J>ftIfil 0 3, 1 0 6 &ftfe$-£-CiS! 
»trv»4 £ £ tc&£ 0 i; yjtmmm 10 3, l o 6 (±, g|!»f(:fi^t- 

CJ\ ^r-V 1 ; TzftE^l XI 0 1 8 cm" 3, L<(ilxl0 19 cm — 

bp) *mtmm (ba s ) *^ H s H tto 

il)lL^v>7>F-y (undope) Vmr*i>^ ^^i^^t'JTlS^ 
, flftS 1 0 4 =fc *)±gB?9 y Kl 1 0 5 ^IrIT*-5o ) 
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- 

#-e*^>o £<b^ LED^43V^T(±, M-^^f§7fc^^i£ LTOfpffl£#& 
[0 0 14] 

0 s-f, n«i o i<7)mn±^^ (mocv 

D) ^^(JifU'-J^A (GaN) ^<mn^Sffct^#Wl£i£mU T 

15^77 KH02 t-tZo Mumm±^iiimmikW¥mfemzmmz*tz>fz 

#><D%\1<D^&K&, ^uyy (halogen) ^^f K (h y d r i 

de) : &*?fr=fM^ 9 (MB E ) W<b*t& 0 -^flL nl'J 

>lfc«/fl0 3, nlGa 0 . 9oIn 0 . 1 0 & &3§7cJi 1 0 4 „ p 

SGaNi^t>^^>±^^7 7 K110 5, iCFpI'J XbflB^« 1 0 6 ZM>k 

m-^f&^&'ej&m-r&o &m 102-106 ^m-^^M^mx^m-t^ t 

$-7L£iL ^(D-U-e&h^itm 1 0 4, ±^7 7KS10 5, IC^pl'J 
Xk«l*« 1 0 6 0^*1^*1— »S:a«iELTl^*LTn^V 1 0 3 CO 

til -eof^ *ffi$*fcn^'J WfcllftJi 1 0 3 <7>— Un&LUZ 

y^fftl 0 7£|£U\ _tg&* 9 y KJS 1 0 5±(Op§'J >fblfi 

1 0 6^Ii:i«$ttpft-5 ^111 0 8 ^KiLT, p nM 2 

m^T^n (dh) m&vLEDTjb&iummtvo^mitm^i tmm-rzo 

[0 0 15] 

u yitmmm 1 o 3Mi o 6t±, ±M<o%&w&&mzz om-ci^o m 

x.(f, h'ji^-i;H3^ (t>^: (C 2 H 5 ) 3 B) /*X7^> (5H^: 
PH 3 ) ZWMtL, HtJE (n&^^JE) i^li«±MOCVDfti:i 

AttiftKfi, SJEMOC VD^&KtfttUiT. &fcUBt*mi OOOt-l 

2 0 0tWSf tl, E.o«ftRtD^^ttj^i--6JKfl-0«JKJtsp (PH 3 / (C 
2 H 5 ) 3 B) , ^fif, V/IIIit^£#J;U£\ ft 1 0 0 0 tirtU^ T > F— 

■7°-e p ^co <; WblBfStJi zmmx* § £ o * 7 5 o °c i o o o °c t -t 
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h?\ g aNmmimmitw*mfom±.^f&ztifzv yitmmmtt, GaN 

[0 0 16] 

OK T§R^9 y KB 10 2, W) yiYMmm 1 0 3 i^isU^mMT EM 

»^7 7fi:eHLt, 0 1 tT%?9 y Fl 1 0 2 «nGa 

NftOi^fffil 0 1 ai:ii, #*co^^7^fy YmtLi)^^. Ltv^ 0 Ga 

^mim^-fz i><D<D, <; WbSWi i o 3 -hco^jfi® i o 2 a <D%ymm 

-eji^s, & 1 x 1 0 $m/c m 2 tm^m-c&Zo l^u ig^o^ti, >; 

Wfflll 1 0 3 tcDWt&WM 1 0 2 a-eiaiL^tLTv^ 0 fi£oT. V >itmm 

t , ±&<d x 0 KmtLmm* 1 x 1 0 4 m/ cm 2 i^r-c^^mm^^ v y 

[0 0 17] 

tfz, TM? v y KJ1 1 0 2W/Xl$±M? 7 7 Kl 1 0 5 \zm^hfih^ 
ML\£, GaNOJ:d^IIIJ^b^2»#^ H H H ®0 | 0 . 0 . 0 . 1 . } -*S 

b b h ®«lt, 1 1 1 1 1 - 1; >\mm*a&m* v >imm&&m 1 0 3 ru*/ 

X(il0 6i:Lttlt^ii:^iL^ o 

fcm±0. 4 5 8 nm-e&£o -€"0 |1 1 0| -*&?-®<7OTf|(i> ^^fi^tH 
SGaNWai^S(0. 3 19nm) fcm&-®:1-&o Sfc, U ><kW**& 
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H H B <7) |1 1 It -t»M<7Wifi. ^^7tlS B B B lGaN(7)cW^t (0. 
5 2 9 nm) O^ItB&-tt^>o ^ot, G a NO |0. 0. 0. 1. I -|£ 

[0 0 18] 

3£K* < 1 1 1 >-|§ H H H ^t;?&o-C«/i^Pil (stacking faul 

&mt Lxmmtzzo ztz, u 1 n -smst^s^i-* u i h - 

■&-f, %m&}%fflil±^& (local breakdown) £j£Cl$&V>:t- 

, 7 5 or- 1 2 o owmmmmm-e, ttizmMz&zmm. (m&mm) 

[0 0 19J 

mfcmR-e&Zfrb-VihZo WM*^m<7)mmii, 2~50nmt^ 

f£\ MOCVDfgtJ: »K fijg2 5 0TC-120 Ot^Ii*^, V/II 
IJfcs££ 2-5 OO^jt^^i-^i *H#£>ti& 0 *Sfi"e**^§^li 
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T E MSffif IJ M H HilJ tii, 
[0 0 2 0] 

[0 0 2 1 ] 

>k\~, m~nnfm*7F-ro ^mmfmx^mu 2 0 **m 2 ^-tx ? %m 

^pf J ><fc«l*Ji 1 1 1 Kg^U lonfWIIIIifk^^i 1 1 2 £ 

^tll 0 7ri s 13:tt<b*LTV>£ <j 
£0>«j£-CI±, pi'J 1 1 Uni'J Wfcffl** 1 1 0 t<Dp ng 

«K ni*-v^ttl0 7H, ITO n imi^SlbtJ^Wi 1 
1 2-v<7)^i||^^<7)@|&^^»{Lii^piih^tL, nf IIlMibWi^i 1 

s fc, u >immm m, no, ^m® 107, x 

^1H^S^#S#*1 1 2 ofsff i It; ^ o t U 

[0 0 2 2] 
[H««] 

[0 0 2 3] 

(* 1 nmm) 

*mnmxi±, mw)^^ (g a n) i^jwciti^Afni^^i 
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x.^LED^SilUo Hmc, ^Hi&MOL ED 2 OffirMM^IIISr/rc-f 0 EI 3 

[0 0 2 4] 

i«10UU, (0. 0. 0. 1. ) -|t B H H iS^ili:t^t7 7^7# 

is H s B *fflK (o. o. o. i. ) mm±K, ( (ch 3 ) 

3 Ga) /T>*r-7 (N H 3 ) J^f4^#J±MO C V D^|£tc|2c . nlGaN 
it<b^Tnl5^7 7 Kfl 0 2^1iL/: o Zti[Z£t)[ jO. 0. 0. 1.} 

-@iM l mzmmti-2>B.itw v a (GaN) e^i#^tL7t 0 ^77^11 

0 2(DmWlZ2. 8 X 1 0-4 cm (=2. 8 m) "C, 3r -V 'J Ti^Jt fi 2 X 1 
0 1 8 c m - 3 x-h^fzo 
[0 0 2 5] 

TU?? -7 Kg 1 0 2_ttcfi, flBfifc >J >fc £#frr> K-^V^iHSg 1 0 
9^ttL/: 0 * B H B fil0 9l^ (C 2 H 5 ) 3 B/PH 3 /H 2 ^fEMO 
CVD^^ffli^T 1 0 2 5°C-eit«L/c 0 1 2 nmh Lfz 0 #if B fi/f 1 

0 9_t^f£, (C 2 H 5 ) 3 B/P H 3 / H 2 If ffMO C V D^^fflv>t >j 

yitmm^m 103^1025 vxmm u 103a, r > k 

-7°X*^V TOtm* 2 X 1 0 1 9 c m~ 3 nf^g-e. ^<DmW-\t 1 5 0 

n m <b L/: 0 

[0 0 2 6] 

•i 0 3±i:ii v (CH 3 ) 3 Ga/b'J^fH>y7A 

(CH 3 ) 3 I n) /NH 3 /H 2 l#JEMOC VD^^fS«9, Ga 0 . 
9 0 I n o. 1 oN^^^I>^i 10 4^8 5 0 t^ffliS £ *tfz 0 "t^M 
Hli50nm^U -V 'J T^Jg(i|t3 X 1 0 1 8 cm -3 ^ L£ o Ht^I 1 0 
4±trti, ±12(7) (CH 3 ) 3 Ga/NH 3 /H 2 WOCVD^piG 
aN7^&&±£|^ 77KS10 5 ^^B^ft^-iir/Zo _h£l^ 7 y K/f 1 0 5 <D 
mm± 150nrat LfZo 7 y Ki 1 0 5*4tG a NlO^r't U 7«|J£ 

ime X 1 0 1 7 cm- 3 t LTCo 
[0 0 2 7] 
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10 2, ^ B e H »® 109, 'J fftWI3R« 103, RV&ltm 1 0 4 <artS&?>*§|| 

z mm t e Mtac^ 19 i« l tuR^©*^®^^ , 

10160 (0. 0. 0.1. ) t4 TffiM i m±^miifzT^? 7 y KI 1 

0 2 (GaNi) tt |0. 0. 0. 1. I -£hP H Jf >K ttz, TU? 7 y K 
1102 (GaNi) ±<7)'JWtItil0 3li, lllll -*§ B B B )I 

0 i«59*»tl^»3> hfg-Cfi. t77^7!Sl 0 1 t<r>m&W 
M 1 0 1 a OSf^TU^ 9 ? KJi 1 0 2 gj 5 X 1 0 1 1 flB/ c m 2 <d£. 

i o 9 1 <o^^#m 102a <D&m<nmmx~iL mtmmtm 5xio9i 

/ c m 2 t:^Ltv>^ 0 t tz, 7 y K® 1 0 2 rt^Olsfifi, # B B B 5C/1 

1 0 9 t (D^Wm 1 0 2 a "C> . ;£ B B B ff® 1 0 9 RW) >i\M%m 1 0 3 OftgR 

mi%at*mtt>bti%fr-o fzo -77-c, 'j i o 3 ortauKi, 1 1 1 1 

$. B B B fi, 7 7 Ki 1 0 2 tOl^fl 1 0 2 a 7>£>§§£ LT^ 0 

<vmmxvmi%^iiMM i i / zmty&&i)mMzti&fztb, <; >itai!i?t/i 1 o 301*1^ 

[0 0 2 8] 

ttz, U >ib«* 1 0 3(7)^^PiSt^{« B H B (i-^ ±|<OG a 0. 9 0 
I n 0 . 1 oNMi 1 0 4 0rt«fBic«ALTv>7to Lri*U 1 1 1 1 1 - V > 
0 3<7)OTlc^||i-^ |1 1 01 -i§ B B B M<7)^T-®^PI^, l§7fegl 
0 4^^fGa 0 . 90 In 0 . 1 0 N <D a MMFf-fe&t <Ol^tt<7)M $ 7> «b 
, l§7ng 1 0 4«)R«|5(:iigfl:^li%iil*ibiift^ofco 
[0 0 2 9] 

7 y vm i o a i<imt§£ibm i o 4 co— n<r>w$L*m 

- > 7"7 X-7X 7 f - > ^ftHi ^fljffl LxmmLfZo z\fiX I) 
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